In a previous study the authors (Henry et al., 1948) (1946), respectively. After growth at 37 C for 16 hours the cells were centrifuged and then taken up in a volume of the same medium (glucose omitted) that gave the desired turbidity. Cell multiplication and 02 consumption were followed through the use of the apparatus suggested by Henry and Henry (1945) , in which the turbidity is measured directly in modified Warburg flasks. The apparatus was further refined to include a split photocell that automatically compensates for fluctuations in intensity of the light source. The Warburg flasks had two side arms, one of which was the conventional type with plug and the other consisted of a round cuvette without plug.
oxidation of certain carbohydrates and carbohydrate intermediates by susceptible strains of these organisms, but had no inhibitory effect on resistant strains derived from them.
Inasmuch as the chemotherapeutic action of SM is an inhibition of bacterial multiplication (Schoenbach and Chandler, 1948) , the study has been extended to multiplying cells. This report concerns the effect of SM on the oxidative metabolism of glucose and pyruvate by multiplying bacteria, and the effect of SM on the total nitrogen, phosphorus, and reducing substance content of bacteria.
METHODS
For studying the effect of SM on the utilization of glucose and pyruvate by multiplying bacteria, strains of S. sonnei and B. cereus sensitive to 1 ug SM per ml were grown in a medium developed by Saunders et al. (1941) and in a synthetic medium modified from that of Brewer et al. (1946) , respectively. After growth at 37 C for 16 hours the cells were centrifuged and then taken up in a volume of the same medium (glucose omitted) that gave the desired turbidity. Cell multiplication and 02 consumption were followed through the use of the apparatus suggested by Henry and Henry (1945) , in which the turbidity is measured directly in modified Warburg flasks. The apparatus was further refined to include a split photocell that automatically compensates for fluctuations in intensity of the light source. The Warburg flasks had two side arms, one of which was the conventional type with plug and the other consisted of a round cuvette without plug.
The main space of these special Warburg flasks contained 1.00 ml cell suspension, 0.50 ml medium, and 0.50 ml 0.20 M Sorensen's buffer, pH 7.2, containing the SM when desired. The conventional side arm received 0.50 ml medium (conining the substrate when desired) and 0.20 ml of 20 per cent KOH were placed in the inner cup of the vessel. Sufficient substrate was added so that, at the end of the experiment (4 to 5 hours), there remained a measurable quantity in the controls without SM. The systems were sufficiently buffered to control the pH throughout the experiment. The controls and flasks with added SM were run in duplicate or triplicate. Each experiment was run several times. After 10 to 15 minutes' equilibration in the water bath at 36.5 C, the contents of the side arms were tipped into the main space. Oxygen consumption and turbidity readings were made at 30-minute intervals throughout the experiments. At the end of the experiments the suspensions were centrifuged in the cold room and the supernatants analyzed for the substrate remaining and for acetic acid. The analytical methods used for glucose, pyruvate, and acetic acid were those employed in our previous report (Henry et al., 1948) .
For the remaining experiments B. cereus was prepared as for the manometric experiments above. The cells were then suspended in the modified Brewer medium in 100-ml quantities in 500-ml flasks and placed on an International shaking machine at 37 C. At 3 hours the cells were centrifuged and washed twice with distilled water. The cells were analyzed for total phosphorus by the method of Fiske and SubbaRow (1925) , using perchloric acid as suggested by King (1932) . The total nitrogen was determined by the method of Koch and McMeekin (1924) . The reducing substances were determined as glucose by the colorimetric procedure of Somogyi (1945) In several experiments counts of viable bacteria were made at the beginning and end of the experiments. In controls the viable counts paralleled the turbidities. With 1 ,ug SM per ml, although there was little inhibition of 02 consumption, substrate utilization, or turbidity increase, the viable count was less than that indicated by turbidity. This count may indicate that some bacteria were dividing while others were not-a result of heterogeneity of sensitivity to SM. A possible increase in cell size in the presence of the inhibitor may also have contributed to this observation. With 10 and 100 iAg SM per ml the viable count decreased markedly although there was no evidence of lysis as determined by turbidity measurements. hydrate reserves. In controls with glucose added as substrate the reducing substance content increased and, when there was SM inhibition, it increased still further. The values were consistent to such a degree from experiment to experiment that the foregoing trends are believed to be significant.
DISCUSSION
The manometric experiments with S. &nnei indicated that at the point of complete or nearly complete inhibition of multiplication the 0°consumption is only partially inhibited. If the inhibition of oxidative mechanisms is the primary cause of bacteriostasis, it would not be necessary that the total 02 consumption be completely blocked in order to produce bacteriostasis (McElroy, 1947) . The oxidation of pyruvate and glucose was inhibited by SM in resting cells of S. sonnei (Henry et al., 1948) , although that of glucose was less sensitive in resting cells than in multiplying cells. The lag before SM inhibits 02 consumption, pre- viously observed with resting cells, was also seen with multiplying cells and was very similar to the lag before inhibition of multiplication appeared. The changes observed in total nitrogen, phosphorus, and reducing substance content of B. cereus, occurring with SM inhibition of multiplication, are difficult to interpret with our present knowledge. The increase in reducing substances was rather surprising in view of the fact that resting cell suspensions of the same organism did not exhibit this change (Henry et al., 1948) . The decrease in nitrogen content may be related in some way to the interference with amino acid metabolism by SM reported by Geiger (1947) .
As with resting bacteria (Henry et al., 1948) , therefore, the oxidative metabolism of multiplying bacteria is inhibited by concentrations of SM that produce bacteriostasis. Evidence for this is shown both in the 02 consumption per cell and the substrate utilized per cell. These observations, along with the changes observed in total nitrogen, phosphorus, and reducing substance content of bacteria following SM bacteriostasis, leave little doubt that coincident with SM bac- [VOL. 57 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from teriostasis there is an interference in the carbohydrate metabolism of the organisms studied. Whether or not this interference is the primary cause of the bacteriostasis or some indirect effect still remains to be proved.
SUMMARY
Studies with Shigella sonnei showed that coincident with inhibition of multiplication by streptomycin there was inhibition of carbohydrate substrate utilization and inhibition of O2 consumption per cell.
Following bacteriostasis of Bacillus cereus by exposure to streptomycin, both the total nitrogen content of the bacteria and the total phosphorus decreased, but the total reducing substances increased.
